Purpose: We reviewed the outcomes in men treated with permanent prostate brachytherapy (PPB).
Permanent prostate brachytherapy (PPB) has emerged as a definitive treatment option in men with clinically localized prostate cancer. Biochemical control rates in patients treated with transperineal PPB appear similar to those in patients treated with radical prostatectomy or external beam radiation. 1 Nonetheless, long-term data on PPB are only now becoming available since the technique was developed and perfected in the late 1980s and early 1990s. Despite favorable outcomes considerable controversy remains to define the role of adjuvant external beam radiation therapy (EBRT) or androgen ablation (AA). While some groups believe that all patients should receive adjuvant EBRT, it appears that those at low and intermediate risk may be treated successfully with an implant as monotherapy. 2 Randomized trials addressing the role of EBRT combined with brachytherapy are currently ongoing but the final analysis is still several years away. In the current study we reviewed the outcomes in a maturing data set of men undergoing prostate brachytherapy by assessing various biochemical definitions of failure and we assessed factors that may impact disease specific survival.
MATERIALS AND METHODS
Patient selection. A total of 1,449 consecutively treated patients with clinically localized prostate cancer underwent PPB after informed consent was obtained between 1992 and 2000. All patients had biopsy proven adenocarcinoma and were staged with history and physical examination according to 1997 American Joint Committee on Cancer standards. 3 Central pathological review was performed on all pathology specimens obtained elsewhere.
Treatment. All patients underwent transrectal ultrasound to assess prostate size. Those with glands greater than 60 cc received 3 to 4 months of AA therapy consisting of a luteinizing hormone releasing hormone agonist with or without an antiandrogen. Other patients were started on AA at the discretion of their urologist. Mean AA duration was 5.2 months (range 1 to 24). Treatment typically followed the standards suggested by the American Brachytherapy Society, in that patients presenting with prostate specific antigen (PSA) 10 ng/ml or less, Gleason score 2 to 6 and clinical stage T1 to T2a were considered at low risk and were treated with brachytherapy alone. 4 Patients with PSA greater than 10 ng/ml, Gleason score 7 to 10 or clinical stage T2b were considered at higher risk and were offered a combination of EBRT and PPB. However, considerable overlap of combined therapy occurred based on physician or patient preference.
Implant technique. Preplanning for PPB used the prostate dimensions measured by transrectal ultrasound to determine the total isotope activity required. Briefly, patients were placed in the dorsal lithotomy position. A biplane ultrasound probe was used with needles placed based on a weighted peripheral loading and urethral sparing approach. Seeds were placed in the prostate with an interstitial gun applicator without fluoroscopy. Followup. Followup intervals were scheduled 5 weeks after implantation, every 3 to 4 months for 2 years and every 6 months thereafter. At each followup visit serum PSA was determined. A total of 51 patients were without a followup of greater than 12 months at the time that the study was performed. All actual followup PSA values were entered into our database to allow computer generated PSA failure across the entire cohort. We applied several definitions of outcomes. 1) We used the American Society for Therapeutic Radiology and Oncology (ASTRO) definition of PSA relapse-free survival (PSA-RFS) following EBRT 7 with failure marked at the midpoint in time between the posttreatment nadir and the first of 3 consecutive PSA increases. 2) We assessed the ASTRO definition with 2 modifications (ASTRO-Kattan definition). 8 The requirement that the 3 increases had to be consecutive was relaxed and, in patients in whom the most recent PSA values were increasing at the last followup but in whom failure had not occurred, followup time was truncated at the PSA immediately before the first increase. 3) We assessed the outcome based on 3 consecutive PSA increases, calling failure on the date of the last increase (ASTRO-Last increase). 4) We assessed outcome based on the Houston definition, which identifies failure based on a PSA increase of 2 ng/ml from the nadir. 9 Risk stratification. Patients were stratified by certain factors. including pretreatment PSA less than 10, or 10 ng/ml or greater, Gleason score less than 7, or 7 or greater and percent positive core biopsy specimens less than 50%, or 50% or greater. There was no significance on univariate analysis for clinical stage and, therefore, it was not used for risk stratification. Patients with 3 favorable factors were classified as being at low risk, those with 1 adverse factor were classified as being at intermediate risk and those with 2 or more adverse factors were classified as being at high risk.
Analysis. Multivariate analyses were performed by the Cox proportional square hazards model testing to evaluate several factors. 10 Kaplan-Meier curves were constructed to demonstrate survival distributions. 11 The log rank test was used to compare PSA-RFS between the subsets of patients analyzed. Disease specific survival was assessed in patients who experienced BFR (ASTRO-Kattan definition). Tables 1 and 2 list patient characteristics, followup and characteristics based on risk classification. Median followup was 82 months with 39 patients at risk at for 144 months. Overall and disease specific survival at 12 years was 81% and 93%, respectively. The 12-year BFR using the ASTROKattan definition was 78% ( fig. 1) . Table 3 shows BFR based on the examined definitions in the entire cohort and by risk stratification at 12 years. BFR using the ASTRO-Kattan definition was 89% in patients at low risk, 78% in those at intermediate risk and 63% in those at high risk (p ϭ 0.0001, fig. 2 ).
RESULTS
Cox regression revealed that the dose that 90% of the target volume received (D90) (p Ͻ0.0001), pretreatment PSA (p ϭ 0.001), Gleason score (p ϭ 0.002) and the percent of positive core biopsies (p ϭ 0.037) were significant, while clinical stage (p ϭ 0.689), the addition of hormones (p ϭ 0.655) and the addition of external radiation (p ϭ 0.724) were insignificant factors predicting BFR-ASTRO (table 4) .
Patients who experienced biochemical failure (ASTROKattan definition) were analyzed based on additional treatment or outcomes (table 5). Figure 3 shows disease specific survival in this group of patients.
DISCUSSION
This study presents 12-year outcomes from a maturing data set of consecutively treated patients who have undergone ultrasound guided, transperineal prostate brachytherapy. Regardless of the definition used biochemical control continues to support brachytherapy as a successful treatment option in men presenting with clinically localized prostate cancer. Our results are similar to those of others who have presented 8 to 13-year biochemical control rates between 66% and 88%. 12, 13 Permanent prostate brachytherapy is prescribed to deliver a high radiation dose to the prostate with a small margin. The concept of a dose response to assess implant quality was first reported by Stock et al, who identified a dose cutoff point at 140 Gy with PSA control rates at 68% in patients receiving a D90 of less than 140 Gy compared with 92% in those with a D90 of 140 Gy or greater (p ϭ 0.02). 14 We have reported results confirming the significance of D90 as an implant quality measure with a significant cutoff point identified at a D 90 dose of at or above 90% of the prescribed dose. 15 The current study further confirms that dosimetry using D90 as a parameter for implant quality remains an important predictor of BFR, at least in our patient cohort. Since D90 is a reflection of a minimum dose to the prostate volume, it does not account for excess radiation within the gland and it may not be the best method to identify regions within the gland that are under dosed, of which each may have an equally important role in determining the outcome and toxicity risk. As a result, some groups have questioned the validity of D90 as the best parameter of implant 12-YEAR OUTCOME FOLLOWING PROSTATE BRACHYTHERAPY quality. Using bioeffective modeling that measures regions of high or low radiation dose relative to cancer location may better assess implant quality. 16 Nonetheless, clinical data and dose modeling standards for such techniques remain elusive at this time.
While combining EBRT and brachytherapy remains a popular method for treating some patients, the current study does not support the effectiveness of EBRT for predicting BFR. Unfortunately randomized trials to address the role of adding EBRT to PPB require accrual and maturity before the answer is appropriately addressed. Of note, only 20% of our patients received combined PPB and EBRT. While there was clearly a trend toward the addition of EBRT in patients at higher risk (table 2), the addition of EBRT was not an independent predictor for BFR (table 4) . Furthermore, the EBRT technique during most of this study would qualify as a minipelvic, 4 field arrangement using 10 ϫ 10 cm field sizes. Based on Radiation Therapy Oncology Group external beam data suggesting the role for whole pelvic radiation in patients at high risk, it is not clear that our field size and technique may have been suitable to impact BFR in those at high risk. 17 Our current treatment philosophy is to use the addition of EBRT in patients at high risk using a treatment technique similar to current Radiation Therapy Oncology Group high risk protocols. Interestingly we have reported that in patients receiving combined radiation and brachytherapy D90 is not a significant predictor of BFR and, therefore, when patients receive combined modalities, implant quality is less important. 15 Therefore, the addition of EBRT may mask a poor dosimetric implant, albeit with added expense and toxicity.
Likewise the role of AA therapy remains controversial. The classic role of AA in patients undergoing PPB remains that of prostate reduction. However, this approach may carry the unfortunate risk of higher urinary retention rates. Since there are data indicating that prostate size should not be a contraindication to PPB, size reduction may be unnecessary. 18 As adjuvant therapy, there are no randomized studies using AA with PPB and until such studies are reported the potential advantage of AA remains speculative. 19 In the cur- 12-YEAR OUTCOME FOLLOWING PROSTATE BRACHYTHERAPY rent study the addition of AA was not an independent predictor for BFR, although its use was not closely controlled for and many urologists administered hormones at their discretion regardless of prostate size. Debate continues on the acceptance of an appropriate biochemical definition to serve as a surrogate for disease specific survival. To that end the ASTRO definition based on 3 consecutive PSA increases remains the standard definition, if for no other reason than to compare results with those of already published studies. Similar to others who have addressed this issue, there is no considerable difference in the current study between the biochemical definitions examined despite the suggestion that the sensitivity and specificity of the Houston definition may have the best sensitivity/specificity and be most appropriate (table 3) . While a biochemical outcome definition may allow earlier outcome assessment of surgery or radiation therapy, the better use of such a PSA based outcome definition should be to identify the need for and aggressiveness of salvage therapy. To delineate better clinical outcomes with the biochemical definition we identified that PSA doubling time greater or less than 12 months is highly significant for predicting disease specific survival. This observation identifies a group of patients that likely require aggressive salvage therapy. This result is similar to that presented by D'Amico et al, who reported that the PSA doubling time in men treated with external radiation therapy predicted disease specific survival. 20 Interestingly in the current study patients who experienced biochemical failure (ASTRO-Kattan definition) with PSA doubling time greater than 12 months had 89% 5-year disease specific survival. Perhaps, then, the most common biochemical definitions used following radiation therapy significantly overestimate patients at risk for disease progression and those who need salvage therapy. This dichotomous outcome between a PSA surrogate definition and disease specific survival is also seen in radical prostatectomy series. The Johns Hopkins group reported their 15 year outcomes using a PSA definition of 0.2 ng/ml. 21 Overall 10 and 15-year biochemical recurrence-free survival rates were 72% and 61%, respectively. The overall metastasis-free survival rates at 10 and 15 years were 90% and 82%, respectively and the overall cancer specific survival rates at 10 and 15 years were 96% and 90%, respectively. While it is not clear that the difference between BFR survival and metastasis-free survival was based on salvage therapy, there appears to be a group of patients with biochemical recurrence that may do well without salvage treatment. Unfortunately until there is additional information that examines the role of surrogate definitions relative to salvage therapy, using standard biochemical definitions to identify men who require aggressive salvage therapy remains controversial. Perhaps, then, PSA doubling time may offer additional information when deciding on salvage therapy.
CONCLUSIONS
The 12-year outcomes following PPB continue to remain acceptable. We continue to identify a direct relationship between implant quality, as measured by D90 and outcomes. Adjuvant therapies, such as the addition of EBRT or AA, remain questionable pending randomized data. When PSA doubling time is less than 12 months in men who experience biochemical failure, aggressive salvage therapy may be required.
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